To study the complete natural process of a Mycoplasma pneumoniae outbreak in a semiclosed room such as a primary school room, we investigated two separate M. pneumoniae outbreaks involving 81 students in total in two primary schools in Hangzhou, China. M. pneumoniae isolates from pharyngeal swabs were detected by fluorescence quantitative real-time PCR (RT-PCR) and culture. The class in school M had 39 students, with 12 (30.8%) with positive M. pneumoniae detection results. The class from school J had 42 students, with 13 (31.0%) positive. The strains from two classes were confirmed to represent two clones (3/4/5/7/2 and 5/4/5/7/2) and to be macrolide resistant (A2063G) according to P1 and multilocus variable-number tandem-repeat analysis (MLVA) genotyping, determination of MIC of antibiotics, and sequencing. Students with M. pneumoniae isolates detected were divided into three groups: those carrying the isolates, those with upper respiratory tract infection (URI), and those with pneumonia. Longitudinal sampling performed using pharyngeal swabs showed that the persistence of M. pneumoniae was longest in the group of students with pneumonia. M. pneumoniae causes pneumonia outbreaks in schools, and the incidence of pneumonia has a higher rate than that of URI. The persistence of M. pneumoniae, with a median duration of 79.50 days in the group of students with pneumonia, differs from that of the infection state.
M
ycoplasma pneumoniae is one of the most common pathogens causing respiratory infection in both children and adults. It is an important pathogen that causes community-acquired pneumonia (CAP). About 4% to 20.8% of CAP cases in adults and 23% to 30% of cases in children are due to M. pneumoniae, especially in children older than 5 years of age, for whom the proportion is nearly 50% (1) (2) (3) (4) (5) . It may cause various respiratory tract infections such as pharyngitis, croup, tracheobronchitis, and bronchiolitis besides pneumonia. Some data showed that the presence of M. pneumoniae in the upper respiratory tract was common in asymptomatic children, while others indicated that there was no evidence of asymptomatic carriage (6) (7) (8) .
M. pneumoniae causes numerous outbreaks in closed or semiclosed settings such as kindergartens, primary schools, middle schools, and universities (9) (10) (11) (12) (13) . In China, M. pneumoniae infection is not a notifiable disease, so the prevalence of M. pneumoniae infection in schools is unclear. However, outbreaks of M. pneumoniae infections in semiclosed settings have been reported in recent years, and a resistant strain has emerged (12) . In this study, we collaborated with the Center for Disease Control and Prevention (CDC) of Hangzhou, China, and investigated the prevalence of M. pneumoniae infection in two classes in two primary schools in Hangzhou, China. Therefore, this study helped us to get a better understanding of the complete natural process of M. pneumoniae outbreak and its results will contribute to prevention of M. pneumoniae infection in schools in the future.
MATERIALS AND METHODS
Ethics statement. The Ethics Committee of the Children's Hospital, Zhejiang University School of Medicine, approved the study. Written informed consent was obtained from at least one guardian of each patient before enrollment.
Outbreak finding. We identified 4 students suffering from pneumonia in the same class in school M at the outpatient pulmonary clinic of Children's Hospital, Zhejiang University School of Medicine, in May 2014. We confirmed a M. pneumoniae outbreak in that class according to CDC guidelines and results of pharyngeal swab testing (including testing for M. pneumoniae, influenza virus, parainfluenza virus, syncytial virus, and adenovirus) in the following days. We collected pharyngeal swabs and questionnaires from all 39 students in the outbreak class and from 41 students in a neighboring class of the same grade. The questionnaire contained questions pertaining to the process of illness, health states in previous 3 months, cousins living together, family smoking, and allergy history. Three days later, the CDC informed us that another M. pneumoniae outbreak was confirmed in a class in school J. We collected samples and information from that class of 42 students in the same way.
Follow-up. Studies of all students with positive M. pneumoniae results were performed under outpatient conditions. For students who also presented with respiratory symptoms, routine blood tests and chest X-ray and other procedures (except pharyngeal swab tests) were also performed to diagnose upper respiratory tract infection (URI) or pneumonia. The diagnoses were confirmed using the International Classification of Diseases, 9th revision, clinical modification (ICD-9-CM) (14) . The patients with positive results received two courses of azithromycin therapy and retesting for M. pneumoniae every 3 days in first week. We then monitored M. pneumoniae in pharynx samples every week until negative results were obtained. For the students that tested positive for M. pneumoniae, we also performed physical examinations to check for abnormalities and monitored M. pneumoniae in the same way. We kept in touch with all students' guardians, including the guardians of those with negative results, in case any of the students presented with relevant symptoms.
Isolation and testing of strains. Two pharyngeal swabs were collected from each student. Two cotton-tipped swabs were passed over the muco-sal surface of the posterior oropharynx and were rotated 180 degrees. One was then placed into a sterile 5-ml test tube containing 1.5 ml of mycoplasma broth for culture, and the other was placed into 1.5 ml of 0.9% normal saline solution for real-time PCR. Samples stored at 4°C and were transported to the laboratory of the CDC and to Children's Hospital, Zhejiang University School of Medicine.
The swabs in the test tubes containing 1.5 ml of mycoplasma broth were transferred onto mycoplasma agar plates as reported by Sun et al. (15) . All tubes and agar plates were incubated at 37°C with 5% CO 2 . All typical colonies were observed under a microscope after 21 days. The DNA was extracted by manual nucleic acid extraction (QI Amp DNA minikit; Qiagen, Valencia, CA). The P1 gene and community-acquired respiratory distress syndrome toxin (CARDs) gene were detected by realtime PCR. Primers and probes were as previously reported (16, 17) .
Point mutations associated with resistance in domain V of 23S rRNA were detected. Genomic DNA of all M. pneumoniae isolates was extracted using a QIAmp DNA minikit (Qiagen, Valencia, CA). A forward primer extending from position 1965 to position 1985 (TCCCGCTTGAATGGT GTAACC) and a reverse primer extending from position 2670 to position 2690 (GACCGAAGCGAGGACACCTCT) in the sequence of M. pneumoniae 23S rRNA were used to amplify the peptidyltransferase region of the 23S rRNA gene. PCR was run on a Veriti PCR instrument (Applied Biosystems, Carlsbad, CA, USA) under the following conditions: initial activation at 94°C for 5 min, followed by 30 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 90 s. The final extension lasted 5 min at 72°C. An ABI Prism 3730XL DNA Analyzer (Applied Biosystems, Carlsbad, CA, USA) was used to sequence the amplification products according to the manufacturer's instructions.
Erythromycin, azithromycin, and midecamycin were chosen as 14-, 15-, and 16-membered ring macrolides, respectively. Clarithromycin, tetracycline, minocycline, levofloxacin, and ciprofloxacin were also selected as agents for treatment of M. pneumoniae infection. Resistance to antibiotics was determined by the broth dilution method in 96-well tissue cul- PCR-restriction fragment length polymorphism (RFLP) analysis of all isolates was performed as described by Cousin-Allery et al. (19) . Strains were classified based on comparisons of outcomes of electrophoresis analyses performed using P1 type 1 reference strain M129 (ATCC 29342) and P1 type 2 strain FH (ATCC 15531).
Five variable-number tandem-repeat (VNTR) loci (Mpn1, Mpn13, Mpn14, Mpn15, and Mpn16) and primers designated for multilocus variable-number tandem-repeat analysis (MLVA) have been previously reported (20) . PCR analysis was performed using a total mixture volume of 50 l, containing 25 l Premix Ex Taq (TaKaRa, Japan), a 0.4 M concentration of each primer, 0.2 M concentrations of the fluorescence probe, and 2 l of sample DNA. PCR analysis was performed under the following conditions: initial activation at 95°C for 10 min, followed by 30 cycles of 95°C for 60 s, 63°C for 60 s, and 72°C for 60 s. The final extension lasted 10 min at 72°C. The amplification products were sequenced by the use of an ABI Prism 3730XL DNA Analyzer (Applied Biosystems, Carlsbad, CA, USA) according to the manufacturer's instructions.
Statistical analysis. All data were analyzed with SPSS 17.0 software (IBM, USA). Differences between mean values were tested by the independent-sample t test, and medians were tested by the Mann-Whitney U test. Survival analysis studied the persistence of M. pneumoniae DNA according to the method of Kaplan-Meier. A P value of less than 0.05 was considered to indicate statistical significance.
RESULTS
This study investigated two outbreaks of M. pneumoniae in two separate school classes in Hangzhou, China. It took 108 days from the onset of the first case for all of the patients to recover from the M. pneumoniae infections detected using the pharyngeal swabs.
M. pneumoniae was detected in samples from a total of 12 students, including 5 suffering from pneumonia, 4 with URI, and 3 carriers, among the 39 students in school M. The proportions of the members of the three groups among the 42 students from school J were 7 with pneumonia, 5 with URI, and only 1 carrier. The percentage of students with pneumonia was significantly higher than that of students with URI or of carriers, but no differences between the two classes were seen with respect to prevalences. In addition, M. pneumoniae was not detected in any of the 41 students in the neighboring class (Table 1) .
M. pneumoniae existed longer in the members of the pneumonia group than in the URI and carrier groups (P ϭ 0.035 and P ϭ 0.001, respectively). The Kaplan-Meier survival curve is shown in Fig. 1 (X 2 ϭ 18.655, P Ͻ 0.001). We isolated 18 M. pneumoniae strains. A total of 5 strains (4 strains from the pneumonia group and 1 strain from the URI group) were isolated from school M and 13 (7 strains from the pneumonia group, 5 stains from the URI group, and 1 strain from the carrier group) from school J. The susceptibility profiles of these strains showed high macrolide MIC, which is in accordance with the presence of an A2063G mutation in the domain of the 23S rRNA gene as revealed by sequencing (Fig. 2) . All strains were classified as P1 type 1 by P1 genotyping (Fig. 3) , but MLVA gene typing showed that the strains from school M were type J (3/4/5/7/2), while those from school J were type U (5/4/5/7/2) ( Table 2) .
DISCUSSION
It is well established that 23% to 50% of school-aged children experience M. pneumoniae CAP (1) (2) (3) (4) (5) . But the severity of M. pneumoniae outbreaks and the prevalence of M. pneumoniae carriers are still under discussion. In our study, pneumonia was found to be most common in students with M. pneumoniae strains detected during an outbreak. Although they finally recovered, one of the students was hospitalized and received bronchoalveolar lavage because of atelectasis. That result suggested that infections incurred during M. pneumoniae outbreaks are not always mild and should be paid more attention.
Spuesens et al. (6) reported that M. pneumoniae also had a high carrier rate in asymptomatic students. But Homøe et al. (7) found no M. pneumoniae in 54 children with acute otitis media (AOM) or in 201 control children without AOM in Greenland. Kumar et al. (8) also did not detect M. pneumoniae in 129 nasopharyngeal specimens, 100 skin specimens, or 100 serum specimens from asymptomatic subjects. We found that M. pneumoniae may survive longer in students who suffer from pneumonia than in those who suffer from URI or in those who are carriers. We inferred that M. pneumoniae infection would exist for a period of time that would depend on the severity of the infection and would not exist in people not infected or not in physical contact with patients, as no positive result was confirmed in the neighboring class. There is no evidence to support the hypothesis of persistent M. pneumoniae colonization, since the longest duration of colonization was just 108 days. That finding should be taken into account in further investigations of M. pneumoniae detection.
Wang et al. (12) reported an outbreak of M. pneumoniae in a nursery school; they found that the major risk factor was the distance (less than 3 m) between the schoolchildren. In our study, the positive students were not clustered and no obvious contact was associated with order of onset of illness. That finding may be explained by the fact that school-age children are more active than toddlers in a semiclosed room. As no positive case was confirmed in the neighboring class, physical barriers may be effective for blocking spread of infection, which would be helpful in our management of M. pneumoniae outbreak.
Sequencing and susceptibility profiles showed that these M. pneumoniae strains are macrolide resistant. Many researches have demonstrated that infections by macrolide-resistant strains are severer than infections by macrolide-sensitive strains (21, 22) . In our study, the rates of detection of M. pneumoniae in the students differed between the carrier group and the pneumonia group although they were infected with same clone in their class, according to results of P1 and MLVA genotyping. Their ages and their living conditions, as investigated using questionnaires, were also similar; those have been proven to be vital factors influencing the severity of M. pneumoniae infection. The results suggested that there were still some important mechanisms influencing M. pneumoniae infection other than those mentioned above.
There were still a few limitations in our study. The strains isolated from these two outbreaks were all macrolide resistant; the results may be associated with that finding, though macrolide-resistant strains are common in Asia (23) (24) (25) . The small range of the ages of the infected children represents a further limitation, as the students in the two classes were 7 years old and 9 years old, respectively. We expect to add information concerning outbreaks in teenagers, preschool children, and even infants as well as concerning outbreaks caused by macrolide-sensitive strains.
In conclusion, we found that macrolide-resistant M. pneumoniae outbreaks in school-age children are not always mild. Pneumonia may be the most common severe outcome, and M. pneumoniae would exist in the pharynx for a period of time. There are still some important mechanisms that have not been proven which may affect the severity of M. pneumoniae infection.
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